Background: Self-rated health is assumed to closely reflect actual health status, but older people's shifting norms and values may influence this association. We investigated how older people's change in self-ratings, in comparison to their retrospective appreciation and change in nurse ratings, reflect functional decline and mortality risk. Methods: A representative sample of 85-year olds from a middle-sized city in the Netherlands, excluding those with severe cognitive dysfunction, was followed for 6 years. Participants and a research nurse annually provided ratings of health, and participants retrospectively appreciated their annual change in health. Functional status was assessed with the Groningen Activity Rating Scale and all were followed for vital status. Results: Functional decline was reflected by all reports of change in health (all p < .001). When incongruent, change in nurse-ratings reflected functional decline better than change in self-ratings but retrospective appreciation reflected functional decline best (p < .001 vs change in selfratings and p < .05 vs change in nurse-ratings). Mortality risk was only reflected by retrospective appreciation (p < .01). Conclusions: Retrospective appreciation of health by older people is superior to change in self-ratings and nurse-ratings in reflecting change in physical health, possibly because similar norms and values are applied in the assessment. The nurse's norms, like the norms of older people, may shift with the ageing of the researched cohort. Asking people to retrospectively appreciate their change in health is a valuable addition to usual enquiries in practice and research.
Even at very advanced age most people rate their health as good or excellent (1-3) despite disability inherent to the ageing process (4) . The latter indicates that older people (un)consciously alter their own norms and values about what good health is. This cognitive readjustment may act as an adaptive process as the perception of good health is associated with a higher life satisfaction independently of physical health status (3) .
The fact that older people alter their own norms and values complicates our clinical, and scientific, interpretations of change in selfrated health, which is assumed to closely reflect actual change in health status. This change may instead be better reflected by change in ratings from healthcare professionals, as there is little incentive for the professional to keep up a better, or worse, portrayal than the actual health status. Healthcare professionals however, may be less sensitive to (subtle) changes in health as their judgment is, in part, a secondary interpretation of information from older people themselves. Yet another report of change in health status is a retrospective appreciation of a change in health as provided by individuals themselves. This retrospective appreciation has the advantage that subjects refer to the same norms and values when making a judgment over their past and present health. However, such a retrospective appreciation may be subject to memory bias, and positive or negative features can be emphasized, forgotten or suppressed.
Here we investigated different reports of change in health to determine which best reflect older people's change in actual health status. Differences between these evaluations also hint to which underlying processes may distort the association between healthreports and actual health status; whether it is due to a change in norms and values or due to memory bias. Within the Leiden 85-plus Study we compared three reports of change in health; retrospective appreciation of older people themselves, change in self-ratings, and change in professionals' ratings. These various reports were related to the change in functional status, and annual mortality risk.
Methods

Subjects
Subjects for the present analyses were included in the Leiden 85-plus Study as described earlier (5,6). In short, all inhabitants of the municipality of Leiden, the Netherlands, who turned 85 between September 1997 and September 1999 were invited shortly after their birthday. Fourteen people died before they could be contacted, and 92 individuals did not wish to participate, leaving 599 participants (87% response rate) at baseline. This provided a representative sample of the general population aged 85 years (6,7). A trained and experienced research nurse collected data annually at the participants' home. She was originally a district nurse, and did not see the patient outside of the study.
Mental Health
Depressive symptoms were measured with the Geriatric Depression Scale 15 (GDS-15), with a score of 5 out of 15 or higher indicating risk of depression (8) . Perceived loneliness was measured with the De Jong-Gierveld Loneliness scale, with a score of 3 out of 11 or higher indicating self-perceived loneliness (9) .
Physical Health
Functional status was measured every year with the total score from the Groningen Activity Restriction Scale (GARS) (5): a self-reported measure of activities of daily living and instrumental activities of daily living with re-pooled scores ranging from 18 to 72; higher scores indicating lower functional status.
We annually administered the Mini-Mental State Examination as a measure of cognitive function (10) . The score-range is 0 to 30; higher scores indicate better function. For this analysis, observations of those with a Mini-Mental State Examination score < 19 at T=0 or T-1 were excluded.
Vital status was determined with information from the municipal registry for all individuals.
Health Reports
After each annual visit, the nurse was asked: "How would you rate the health of this older person in general?" At each visit we also asked participants "How would you rate your health in general?" Answer categories were "poor," "moderate," "good," and "very good or excellent." For participants, "very good" and "excellent" were two separate categories, and for analyses we merged them to make them comparable to the nurse-ratings.
The first 3 years of the Leiden 85-plus Study, the nurse conducted half of the interviews and measurements for all participants of the Leiden 85-plus Study. This includes demographics, functional tests, various medical conditions, time spending patterns, loneliness, self-rated health, and some others. The other half of the measurements was performed by a research physician. After the third year, she performed all measurements, which included more functional tests, medical conditions and physical complaints, physical function, depression, and more. Although the nurse also asked participants for their self-rated health, congruence between both was only 50%.
From age 86 onward, each year participants were also asked to retrospectively assess their health by asking them: "How would you generally rate your health in comparison to last year?" Answer categories for this retrospective appreciation were "a lot worse," "somewhat worse," "the same," "somewhat better," and "a lot better."
Data Analysis
As Figure 1 indicates, comparisons between health reports were in two clusters: comparisons within subjects and between raters. Within-subject comparisons compare the two reports provided by our older participants: retrospectively appreciated change in health with change in self-ratings of health. Between-raters comparisons compare change in nurse-ratings of health with change in self-ratings of health. To make our comparisons, we distinguished various categories: for observations with congruent reports both ratings either improved, remained unchanged or worsened. For incongruent ratings, we aggregated all possible incongruent configurations into two: one report was more pessimistic, or more optimistic. This aggregation was done for two reasons: first, to aid interpretation by focusing on what is most important: congruence versus incongruence. Second, to ensure that sample size was sufficiently large for interpretation.
As two measures were needed to determine change in health ratings, it follows that there were no data available at age 85 years and those who turned 86 were included in the analysis. Our model needed to account for the correlation caused by the repeated representation of the same subject; all analyses were therefore performed with generalized estimating equations using SPSS Statistics 21 for Windows (IBM, Armonk, NY), in models that accounted for this within-subjects correlation.
We investigated if congruent and incongruent ratings within subjects and between raters are associated with change in functional status score assuming a normal probability distribution. We proceeded to investigate if congruent and incongruent ratings within subjects and between raters are associated with 1-year survival, using a binomial probability distribution. Where indicated, significance was tested with chi-square in restricted samples.
Annual reports that contained missing variables were rare (1.6%) and were excluded for analyses for which one of the variables was missing. For categories with ten observations or less, we do not provide point estimates.
Ethics
The Medical Ethical Committee of the Leiden University Medical Center approved the Leiden 85-plus Study. Participants gave written permission to participate. When unable to give permission, it was provided by a guardian. Table 1 gives a description at age 86 of the 406 (68%) of the 599 participants recruited into the Leiden 85-plus Study. Out of those who were lost, 47 had died before age 86, 39 were lost to follow-up and 109 did not meet the criterion of Mini-Mental State Examination scores above 18 for two subsequent years. For all participants included in this sample, reports on health were available for at least one annual visit, the total number of reports amounting to 1,489.
Results
Description of the Study Sample
Main Associations
Annual reported changes in self-ratings of health, as well as nurseratings of health were strongly and significantly (p < .001) associated with a change in functional status estimated with the Groningen Activity Restriction Scale.
Neither change in self-ratings of health nor change in nurseratings of health were significantly associated with mortality the year after. For retrospective appreciation, 1-year mortality was 13% (1) for those with worsened health reports, 7% (1) for those with unchanged health reports and 4% (3) for those with improved health reports and these differences were statistical significant (p < .01). Table 2 shows the distribution of health ratings for the withinsubjects comparison. Cells in the shaded diagonal represent congruence between change in self-ratings and retrospective appreciation, whereas the white cells depict those for whom ratings were incongruent. As described in the methods, all incongruent observations were aggregated in two categories: more pessimistic retrospective appreciation or more pessimistic change in self-ratings. Although the same individual provided both reports, incongruence occurred most commonly and consisted for the greater part of a more pessimistic retrospective appreciation than the change in self-rating, that is, 652 (44.1%) of all reports. One hundred forty-three (9.7%) of the health reports concerned a more optimistic retrospective appreciation when compared to the change in self-rating. This pattern was significantly different from an equal distribution of incongruences (p < .001). Table 2 (third panel) presents how the different types of congruent and incongruent reports are associated with functional decline. First considering those with congruent reports, the shaded diagonal: functional decline was much stronger when both reports were worsened compared to when both agreed health was unchanged. In turn, those with unchanged reports showed a greater functional decline than those with improved reports; the latter did not show evidence of functional decline at all (overall variance between the congruent categories p < .001). When reports of health were incongruent, functional decline was significantly more pronounced in those with a more pessimistic retrospective appreciation of change in health (−3.7 [.2] points) compared to those who reported congruent unchanged ratings (−2.1 [.3] points, p < .001). Compared to congruent unchanged reports, functional decline was also more pronounced, but not significantly, in those with a more pessimistic change in self-ratings (−2.9 [.5] points, p = .218). There was significant overall variance between these three categories (p < .001).
Within-Subjects Comparison
Functional status
Mortality
For congruent reports, worsened health reports had a higher 1-year mortality than unchanged health reports (Table 2 , lower panel, p < .01). When ratings were incongruent, a more pessimistic retrospective appreciation of change in health related to a higher annual mortality risk than congruent unchanged ratings, but this was not significant (10% [SE 1] vs 7% [1] , p = .113). A more pessimistic change in self-ratings related significantly to a lower annual mortality risk, compared to congruent unchanged ratings (3% [2] vs 7% [1] , p < .05). There was significant overall variance between these three categories (p < .05). 
Between-Raters Comparison
Functional status
In Table 3 (third panel), change in self-and nurse-ratings of health are associated with the change in functional status. We found that when both ratings were congruent, worsened health had the strongest functional decline, and improved health the weakest, with unchanged ratings in the middle (overall variance between categories p < .001). When reports of health were incongruent those with more pessimistic nurse-ratings had a significantly greater functional decline (3. 
Mortality
The between-raters comparison of the association with 1-year mortality is shown in Table 3 (lower panel). When nurse-and selfratings of health were congruent, worsened health was associated with stronger 1-year mortality than unchanged health (p < .01). Incongruent ratings and congruent unchanged ratings did not predict mortality differently (p = .529).
Retrospective Appreciation and Change in NurseRatings
Finally, for exploratory purposes, we compared retrospective appreciation with change in nurse-rated health ( Table 4 (third panel) shows how the different types of congruent and incongruent change in nurse-rated health and retrospective appreciation are associated with functional decline. When health reports were congruent, worsened reports were associated with a greater decrease in functional status than unchanged reports (p < .001). When health reports were incongruent, a more pessimistic retrospective appreciation was associated with greater functional decline compared to congruent unchanged reports (−3.
Functional status
[.2] points vs 2.5 [.3] points, p < .05).
There was no significant difference in functional decline between those with a more pessimistic change in nurse-ratings (−2.3 [.5] points, p = .770) and congruent unchanged reports. Overall, variance between the three categories was significant (p < .05).
Mortality
As shown in the bottom panel of Table 4 , mortality risk was greater for those with congruent worsened ratings than for congruent unchanged ratings (p < .001). When ratings were incongruent, mortality was not significantly different among those with a more pessimistic retrospective appreciation (10% [SE 1], p = .075), nor among those with a more pessimistic change in nurse-rating (5% [2] , p = .298) compared to congruent unchanged ratings (7% [1] ). There was no significant difference between these groups (p = .054).
Discussion
The main conclusion of this article is threefold. First, change in selfratings reflects functional decline less well than change in nurse-ratings. Second, retrospectively appreciated change in health is a better reflection of change in functional status than change in self-ratings and nurse-ratings of health. Third, retrospective appreciation is the only report of change in health that predicts mortality.
Within-Subjects Comparison
The superiority of retrospective appreciation over change in self-ratings in reflecting change in functional status and mortality is evident both when looking at their main associations, as well as when we compare the two types of incongruent and the unchanged congruent reports. Retrospective appreciation's better correlates are in line with a previous study that showed that retrospective appreciation is more strongly associated with hospitalization during the past year than change in self-ratings of health (11) . A likely explanation for these findings can be found in response shift literature (12) : When older individuals evaluate their health at multiple instances, differences in assessment norms and values between these time points distort the measurement of actual change in health, which may not happen in the case of retrospectively appreciated health. More specifically, response shift occurs either when people change what they find important for their health and to what extent, or when they change the scale on which they internally rate these factors. For instance, research has found that people increasingly compare themselves to peers as their physical health deteriorates, which results in a more lenient internal rating scale and therewith more favorable health ratings (13) . Response shift could also explain why ratings were incongruent more than half of the time, even though both were selfreported. Finally, response shift theory predicts that changes in values and norms occur to compensate for a worsening physical health, which could explain why in this study change in self-rated health centers around the unchanged category in spite of age-related physical decline.
Some authors argue that response shift is adaptive for the individual, as it helps them to feel good about their health (13, 14) . Following this reasoning, we would expect that although change in self-ratings compared to retrospective appreciation reflects physical decline less well, change in self-ratings will likely be a better predictor of older people's own well-being. However, investigating this was beyond the scope of current study.
Between-Raters Comparison
By the comparison between the two types of incongruent reports and the congruent unchanged reports, we found that the nurse's report was more strongly associated with functional decline compared to self-rated health, despite that both functional decline and change in health being reported by the participant. This suggests that self-ratings of health are simply less sensitive to changes in functional status than nurse-rated health. Other factors may be more important for how older people rate their health. In support of this idea, we have shown in an earlier study that nurses' health-ratings are less strongly associated with older people's life satisfaction and depressive symptoms than the ratings of the older people themselves (submitted). For ratings of physicians, another type of healthcare professionals, it has also been shown that relative to self-rated health, their associations with variables related to well-being appear to be smaller and with physical health appear to be larger (15, 16) .
At the same time, we did not find that change in either self-or nurse-rated health predicted 1-year mortality better than the other, or even predicted mortality at all. Earlier, we showed that nurserated health strongly predicted mortality, and that this association was much stronger than the relation between self-rated health and mortality (submitted). Possibly, we did not find the same for changes in nurse-ratings of health, because nurse-ratings are influenced by response shift as well. Although it is possible that the nurse changed in values due to learning effects, a more likely explanation is that she adjusted her norms with the aging of the cohort. This is also reflected in the centering of nurse-rated health at the category unchanged, and by the fact that retrospective appreciation, using only one timepoint to make the health comparison, outperformed change in nurseratings in predicting functional status.
Main Associations
The association between all three reports of change in health and change in functional status has been documented before (17) (18) (19) . More notable is the lack of association between change in self-rated health and mortality, which is at odds with earlier research on selfrated health (20, 21) and change in self-rated health (22, 23) . The effect could be age-related: older participants may show smaller associations between self-rated health and mortality, possibly because older people change the criteria and norms by which they evaluate their health (24) . Alternatively, it is possible we found different results because we investigated 1-year mortality risk, and not mortality in subsequent years. We used 1-year mortality because the chance of mortality increases overall at old age, and in consequence longer follow-up periods could fail to show an association between health perception and mortality. Comparing our results to those that did find an association between self-rated health and mortality suggests that no such effect occurs during longer follow-up periods.
The authors are not aware of studies investigating the association between change in nurse-rated health and mortality. What has been shown, is the association between physicians and mortality risk (15), and we have already shown that nurse-rated health in the Leiden 85-plus Study strongly predicts mortality risk (submitted). As mentioned, it is likely that response shift plays a role in this phenomenon.
Finally, we are unaware of any research investigating the association between retrospective appreciation of change in health and mortality, but some studies have already shown that it is a good reflection of change in actual health status (11, 18) . Our research adds to this that it is also an excellent predictor of mortality.
Distribution
Finally, we find it noteworthy that no matter which reports of change in health we compared, congruence was approximately only 50%. This further attests to that these changes in health reports are different constructs, and their correlates should be investigated separately, as well as compared.
Implications
Asking older people to retrospectively assess their change in health is a valuable elaboration to clinicians' and researchers' health inquiries, as retrospective appreciation is the best reflection of functional decline and a better prognosticum of 1-year mortality. For change in self-and nurse-ratings, we did not find that one is better than the other in reflecting change in predicting 1-year mortality, but change in self-ratings of health is a poorer reflection of functional decline than nurse ratings. 
Strengths and Weaknesses
A strength of our study is that we were able to compare the associations of various reports of change in health in a representative population of older people who were followed for 6 years. Another strength is that the same nurse rated all participants, limiting the variance that would have been caused by different raters. At the same time, using only one nurse's judgment seriously limits generalizability to other healthcare professionals. However, in another study, we showed that the nurse's health reports were a strong predictor of mortality, even outperforming the research physicians (submitted). Nurse-rated health was furthermore associated with a range of physical and mental health indicators and life satisfaction, this indicates that the nurse was best fit to make these health evaluations.
The current study did not adjust for demographic variables. We did not deem this adjustment necessary because each comparison of ratings involved the same participant and was therefore not influenced by these characteristics.
All incongruent ratings were aggregated into two categories. This aggregation led to results that were easier to interpret and to a sufficient numbers of observations in most categories. However, this did limit us to inspect further patterns within the data. This counts in particular for the scarce number of reports of improved health, and we recommend that the specific correlations of improved health reports be further investigated in larger samples. Still, as improved health reports are likely to be equally scarce in the general population as in our representative sample, this is no cause for concern for the generalizability of the conclusions of this article.
A disadvantage is that the nurse had collected the annual health ratings and retrospective appreciation of change in health from the participants, and it is possible that this influenced her own ratings. However, that does not threaten the main message of this article: if the self-reports influenced the nurse-reports then actual differences between the ratings are even bigger than reported.
Finally, as the response categories between change in self-ratings and retrospective appreciations were not the same, we were only able to look at congruence in direction and not in strength. For nurseand self-ratings, the lion's share of responses was "a bit worse," and therefore bound by the same limitation.
